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How do we model ocean C02 uptake, what data are available for
model testing, and how do we know if the models are correct?

The physical basis for the modeling of ocean COo uptake is
reasonably well established. The first criterion is that the gas
exchange rate be known. Broecker and Peng (1974) have examined the
problem of determining gas exchange rates, and Broecker et al. (1979)
have evaluated the effects of uncertainty in this property on cal-
culations of ocean C02 uptake. Most field data have been obtained by
the radon technique by which the deficiency of naturally produced
radon-222, due to gas exchange at the sea surface, is measured. A
simple stagnant film model is used to calculate the gas exchange
parameter and to relate the observations to C02 exchange. The
two-way C02 exchange rate obtained in this way is 16 mol/m2/yr. A
much larger-scale estimate is available from the natural balance of
14C by radioactive decay in the interior of the ocean must be balanced
by a fresh influx of 14C02. The result from this calculation
yields a rate of 19 + 6 mol/m2/yr. C02 exchange in a wind-wave
tunnel has been examined by Broecker et al. (1979), yielding results in
substantial agreement with the above.

The calculations of gas exchange rates appear to rest on sound
principles. The characteristic exchange time for C02 is about 10
times longer than for the nonreactive gases (N2 and 02, for example)
and is about 1 year (Broecker and Peng, 1974). The time scale for
14CO2 exchange is about 10 years, owing to the time required for
complete isotopic equilibration with the carbon pool. Gas exchange for
CC>2* though quite slow, does not appear to be the rate-limiting step
in models of ocean C02 uptake.

The rate of vertical mixing in the sea is widely viewed as the
critical parameter. The annual cycle over most of the ocean is such
that in the summer the sea becomes capped by a warm surface layer, which
undergoes continuous gaseous exchange with the atmosphere. Wintertime
cooling and late winter storms increase the density of this upper layer
so that it finally becomes unstable and undergoes turbulent exchange
with waters of equivalent density below. This scheme of wintertime
surface turnover, followed by lateral penetration along surfaces of
constant density, is what is parameterized in various ways in ocean
models. Most water mass formation takes place in a location and at a
time when we cannot observe it. Some integrated measure of the effect
is required, and this has been provided by the tracer approach.

The principal tracers used have been ^C and 3H? the transcendental
virtue of 14C is that it identically mimics C02, taking part in both
the gaseous and biological exchange cycles. Revelle and Suess (1957)
and Craig (1957) used 14C box models to evaluate carbon dioxide
exchange between atmosphere and ocean and within the ocean. As these
models grew in complexity (Keeling and Bolin, 1967, 1968), the neces-
sity for multiple tracers became apparent, as did the difficulty of
assigning realistic transfer rates between boxes based on objective
experimental evidence. The injection into the atmosphere of massive
amounts of radionuclides in the nuclear bomb tests of 1958-1962 prior
to the signing of the nuclear test-ban treaty provided such a tracer
suite, and a decade later ocean scientists organized the GEOSECS